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Abstract

Objective: The aim of this study was to examine the effects of high-intensity
intermittent exercise (HIIE) on features of immunometabolism by comparing
elderly female sarcopenia and non-sarcopenia in elderly female patients with
type 2 diabetes (T2MD). Differences in metabolism and inflammatory res-
ponses between the two groups were compared. Methods: 6 elderly female
sarcopenia patients with T2MD served as sarcopenia group, and 7 elderly fe-
male non-sarcopenia patients with T2MD served as control subjects. Using
dual energy X-ray absorptiometry (DXA) to the subjects” body fat composi-
tions was measured. All subjects underwent three high-intensity Wingate tests
at 5-minute intervals, and peak and average power during each Wingate trial
were recorded. Blood samples were collected immediately after the test was
completed. Peripheral blood levels of the inflammatory cytokine IL-6, which
is related to mitosis, were measured in both groups before and after HIIE by
ELISA. Results: The non-sarcopenia group had a higher metabolic rate than
the sarcopenia group. Sarcopenia had no significant effect on the differences
in the IL-6 inflammatory response (p = 0.430). Conclusion: The metabolic
during HIIE differed between the
Non-sarcopenia group exhibited higher metabolic levels. No significant dif-

energy and rate two groups.

ference between groups was observed in the IL-6 inflammatory response dur-
ing HIIE.
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1. FC®»I

S 2 BRI E I oL a R =72 DR T L Z OREE AR DD
KRR ITOMET 2L Ty BEIRHFIDO Y R 7 @FEE L VL 30
L 2DTC, 2 MPERKBEEDES L XmANTH 3. HiREAEDIE
BmETLH. RYBECTCELH20T. 7 va—2nRE+ 2 X550
&0 (1] FER ORI BELFHLEEE L Tw B, BITHAC S 2
&L BHMCHROZ ) a—7 > OnfERe1E KT L [2]. % ORI 5 R
PNENT 27 03— 2A0REEZ . MRED 7 L a— 2 Dz & N O
Ina—ANORHELZL b ehkESN B3], ThZUTEL L HA
Ay ) YA - BELINZBE T, hEEkO (> 20 T
DG E THEETH (4] [5]. Z DIEF » I HAIE IL-6.IL-15, TNF-a
% & QHMEEHEF DI & B RIEDETE . RAED G BIE W T » b
STVBREVINMRED > I2&HDTH 3[6][7][8][9]. Th 5 DRIERET
2 IL6 2EWEA Y2 ) YHPIOBNCEELZKLRERHF> T3
[5] [10]. EF 212, HiRGEBRETEOY . RPE[ETLH . HIEH
HTtH2DT. RECHZBCE O TEELEB L2 R0, 2 BPERR &
LMK EL > TV 2,

e R B[R] R 138 ) (HIIE) i KIS (8] T47 5 &I T BREM 2 A A E—
FOIEF T RO HFEMFROFRME L T 3L F—DMEFEHEMF> T
2[11]. HIIE =058 ) R ZR(HIIT)IC 5§ 2 4T 5k Fie AR —
BTFHBNE—ANENRE L TITONA[11] [12] [13] [14] [15]. 2 BiE
PRI Il ORI R 4 £ OBMEEIC R T 2D L < & HIIE &
f2id HIT 2 & > TONNBIFWIFT16] [17] [18]« B~ DI KT 5
MAELEENTWLB[19]. Zh s ORI ED HIE F /2(& HIT O
I e o T 225, B 2 REEEOHNEIC & > TR %4 2 HIE
DHFERBICOBTOMANEFLERELESN THLE L, LA > T KR
O HIE HRESFE 2 5 2 TUHE R O &k O ok B35 2T 5 msmE E R
130 O G (immunometabolism) D fFPE 2 iFlli ¢ 2 2 & TH 3,

2. R EFRIFE
PO

2017FE8 6 11 H & CUHFRKEMNBE W LT 22012640
HoL AN =7 OEE 2 BBE R L CPER S 69.33 +7.89 %) & AR O
HFUAX=ZTEHORGIL 2T RO 7 40 2 BEERHIES L 2
N =7 O FE# O RE CPYERE 7043 £7.66 B) & AFH L a X = 7O
SHHIC L foo A EBRFEARBROBIEFAZE Y . FRICUH %
1T o 7z (RN S : QYFY2017025). ¢ X TOXFHRI& HEMIC AR IC K
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Lize $XRTOMBRICKHTEEICANS Th s O —FRORE L RE %
L. BHPEE~ SR E s & ERL 4 v & ) ICHRRL .

1) ZWoERE: v ax=7DZHDOHEAEE Asian working group for
sarcopenia (AWGS) D FEHEW L 72 2302 [20] BATOHE X 0.8 m/s LR T &
PHoWEid . #8771 18kg LN T fHNED SMI fi5id 5.40kg/m* TH 3.

2) fHFnZ OFuE: a) 60 K LLED 2 BUPEIRIE O LM EE D) v ax=
7 OZWORREC A D 2 BUBEIRIE O Eile O LHEERF (L aN=TH) o
SMI #8425 IEH 7 2 BURE IR B FH GAEY v 3 X =7 ).

3) MRIMC 4 B HUE: a) X O # G I L Tw 2 LR b) 60 LA
TOLNEEF ) SMIMK N T & 245, #1150 AT O HPL A IEF 4 Lk F d)
HLaxR=F7EMEH 2 52 251 v RIEOHEY £ KRS Lot
Fe) FREEND 2 H 2 OIEIFIRAIEZ % Lt .

3. AR GE
3.1. HAEDONE

THIALF—X KWPGEDXA)THEE SO 2 ORIEHEENEL
(Lunar Prodigy; GE; USA)e X TOXMFICEEH OO WEIL . P %
FRTRy Flecay, mEgsa. helmF oo & S5 eEnrl . =
B A)LF—X KRN ENEL 2. WMEXT G Tz kro 2 U0 KA
LEe KWL, BliEReUEORHNEZ GKO ZFETHRIT I L &
D, AERTERR SMI £ 5L 72, SMI = DU R 20 A 2 8 (AMM)/ &
K (m?) [20],

3.2. B EBTEEONE

&30 THE St & M E L 72 (CAMRY; EH101; China) o JIl5E (& /2 47 & [0l 4
OEEL . 7 OFHMEEMBITEE L /oo BITHEOMET 6 A— b LDk
TREEAT> 2. MRUCEBEOBITOEET 6 A—bLOFHEHEZHL LS
CHARLY A by 7 7 a0y FCBCRERERL . 2 B OBTHIE O T
EE BATHEDOMI L 2.

3.3. M®E DK ¥ % Wingate Test

Wingate test (d TTIRERVE T 3L F —HGRED £ TPl L T 2. ZEFHE 2- 4
min DUESFNEIG . KA 3 - 5 min. IBETFIRIC . BKEE 1 TR L)L Az
#H B0ME TN TENTYRET 2 & SR T 3(21]. FEEATO 24 h
P ~SBEOBHEERL 20 E D CIERL . a2 BT 20
I RS O [H] R ] 4 Wingate test % 5 min OfRE # ek =47 > fz. 7 A
PRI MRICENOD—RFANAS 2D, 15minD7 +—3I> 7T v7
DIBREENTNAAE—FOEE % L. 22 OIEL 150 $1/min
WikT 2891, TOME 2MA 8s £ THiW B & DRl 2. 52D
RETOIAEA 100 H/min (2 TR 726, HEEI LI A—K—E W IK
{FEA—Z—TEE%ZITS & 512 L #z(Monark; 828E; Sweden). 15 £ - /=
HED30s LN RICTE LIRS o= M 72, 2D b
WEEELI L VEICHRLI. Znhs6. WEBEHEHT & S
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Fll. E= U= PRy —%idEFL 2. 2L T 5min DIKE %k
A\ Z D& D% Wingate test & =2 Dk L fz. i TCREHE L & o o
BV s, TCETAMERIET 2L DL o,

3.4. > 7 L OWE

1) AROWE: 7 A b DHI & Al D Wingate test ¢ | D Imin J5 2 5 R OD
Hokofitis+ 7 ve L TEIBL. Accutrend Plus T il FLEE & (LA)
% M5E L 72 (Roche; Germany). #fild mmol/l T/REN T 3,

2) MBEDME: 7 A ~DOFT & =[] D Wingate test & [ 52 xF R D L fhi 4
Ji O OFIKD M % KL - 233 AED /5 #(H 5L, 7080; Japan) T
MHE DM E % 4T - 72,

3)IL-6 DillE: 7 A b OH & —[AlD Wingatetest £ | J5 (2 X R D L i
D DK D MK % KHLL « ELISA 2 T ## ik O IfiLid O 4+ IL-6 % e L
7z (BIOSH; SUB10377; China) .

3.5. Zir¥ O

Spss21.0 T7 — X %451t L . Shapiro-Wilk T 7 — X O IEFL/ i % FRE L 72 .
v axX= 7R EEY IV I X = T HOKENH O THMEO ZO LA t I
E& L o3, HIE OKERBOWE G vy 7> 7 tETirbnf, %
A E—2 =Py — IL-6. AR MO ORI
% 2 B ENE BT T 40T L . Mauchly BRIERE T %22 E A X HR 12
BBEME DI MERIEL . DL Greenhouse-Geisser TIIIEL /2. 47
D hr#Ef 2 % Bonferroni THEIEL 2. &7z, P TR ZHHL 2. p<0.05
D& L »GqilEl g BRps v eEZ s 2,

4. 23

2 DOMOBEARIIGE 1 o W2 E. FLaX=THIERFO SMI(¢ =
—6.905, p< 0.001). AR (t=-3.649, p = 0.004) & §2 /1 (£ = —3.484, p = 0.007)
nEL KL 72,

R R IIZE D AN . Hov 3 X =7 OM(F,,, = 7.05, p=0.022, i =
0.39)8 & U7 A MRAA DHIH(F,,, = 191.40, p < 0.001, 77 = 0.95)IC £ — 27 /%
7= 2 REBAATONES D o o, THAEHE RS &b 5 12(F,,, =
0.06, p=0.837, 7 =0.01). K205 WT, FEF v aR=7HRERF L LKL T
ANIE VAR THIEHO E— 27 A7 —n1F L {MEFL 2(p = 0.022;
95% CI = 15.643 - 167.088), # L I X =7 HIEFD 1 A HIZ 2R H & 9 £ —
7 87 =535 < (p<0.001;95% CI = 63.51 - 102.15). 3 [H H& 0 4 € — 2 7
— VA (p < 0.001; 95% CI = 106.80 - 175.87) 2 M HIE 3B & 0 & £ —
7 8T — 50 (p<0.001; 95% CI = 37.38 - 79.62) . dEH )L a2 X = 7 HREHOD
IEIBE 2FH & D €—27 N7 =230 (p<0.001; 95% CI = 64.77 - 105.80)+
3EHEE D & E—27 R8T —RE0H(p < 0.001; 95% CI = 104.10 - 173.33). 2
FHE3EIHEE D E—27 7 =230 (p=0.001; 95% CI = 38.12 - 68.74) .

F R R R IFIZE D Al . v 3 X =7 OEM(F,,, = 6.18, p=0.030, 7 =
036)8 & ' 7 A MRA DRIH(E,,, = 226.67, p< 0.001, 77 =0.95)2Fj/7
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Table 1. Initial indexes in the two groups of patients (X + s).

sarcopenia non-sarcopenia t p
Age (year) 69.33 £7.89 70.43 +7.66 -0.254 0.805
Medical history (year) 9.50 + 3.45 9.29 +3.82 0.105 0.918
SMI (kg/m?) 4.62 £ 0.66* 6.73 £0.44 —-6.905 <0.001
muscle mass (kg) 30.39 + 7.03* 42.03 £4.36 —3.649 0.004
Grip (kg) 12.33 +£2.25% 21.00 +2.83 —-3.484 0.007

*Compared with the non-sarcopenia group, p < 0.05.

Table 2. Peak power and average power during three wingate tests in the two groups of
patients (X =+ s).

sarcopenia non-sarcopenia

The peak power for the 1st time of wingate test(W) 424.83 + 63.46™ 516.14 + 78.66>
The peak power for the 2nd time of wingate test(W)  342.00 + 54.49* 430.86 + 65.65°
The peak power for the 3rd time of wingate test(W)  283.50 + 54.81*° 377.43 + 58.58

The average power for the 1st time of wingate test(W) 299.83 + 57.17% 376.00 + 57.95"

+

The average power for the 2nd time of wingate test(W) 228.33 + 52.27* 300.14 + 61.55°

The average power for the 3rd time of wingate test(W) 171.33 + 51.92* 254.43 + 59.19

“Significant difference compared with the non-sarcopenia group, p < 0.05; "Significant difference compared
with the second Wingate test, p < 0.05; “Significant difference compared with the third Wingate test, p <
0.05.

— T 2RBRITOMEN D > 1268, LEHAEH 2R S %> 12(Fy,, =
0.63, p=0.465, 7 = 0.04). #2725 W T. FH v aX=7HRERF & LKL €
AN L aX= THEIERHO T A7 —08F L {{KFL 72 (p=0.022;95%
Cl=-151.67 - —14.52) ¥ )L AX=7 HIEMHO 1 FIHE 2 FH & 0 & FIYA
7 —HE < (p<0.001; 95% CI = 50.71 - 92.29). 3[FIH & 0 &P\ —m@E
WA (p < 0.001; 95% CI = 109.88 - 147.12). 2 Bl H L 3 [ H & 0 & P 7 —
D3O (p = 0.006; 95% CI = 25.16 - 88.84). EH L a3 X = 7 HIERD 1 B H L
2\ H &0 & F A7 —aE < (p <0.001; 95% CI = 53.75 - 97.97). 3 [FIH &
0 L8 T — 23 E 0 A (p < 0.001; 95% CI = 103.62 - 139.53). 2 [AIH it 3 [A]
H& 0§ T3 7 =238 0 (p<0.001; 95% CI = 33.58 - 57.85).
ESEE R EE ORI . HL 3R =7 OEEEF,, = 6.16 p=0.030; 2 =
0.36)8 & U7 A Mk A DWIHR(F,,, = 281.16; p < 0.001; 77 = 0.96) (2 FLERME
9 BRBERITOMES D o fo 3 AL HAEH %78 & % 7> 5 12(Fy 55 = 3.22; P=
0.035; 77 =0.23)o %3/ A T, v aX= 7GR & KL THNIE .
Yo aX= 7 HIEROIARME A, E L <MK T L 72 (p = 0.030; 95% CI = 0.125 -
2.095). v A= 7 HIERED 3 MIHOAMMBEER 2 FIHE O L2 (P =
0.001; 95% CI = 0.86 - 1.71)~ 1[81H & » & 5 < (P < 0.001; 95% CI = 3.04 -
4.56) VIHAME & 0 &m0 A3 (P<0.001; 95% CI = 6.66 - 9.81). 2 [A1 H D FLERfiE
& 1EE & 9 < (P<0.001;95% CL=1.91-3.12). ¥IHIME & 0 & BAE 0 (p<
0.001; 95% CI = 5.61 - 8.29). 1 [0l H O FLEME & WIHME & 0 & &= (p < 0.001;
95% CI = 2.88 - 5.98) A4 )L I X = 7 HHERE D 3 A H O ARREE 2 [HH £ 0
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Table 3. Blood lactic acid results before and after the three wingate tests in the patients in
the two groups (X = ).

sarcopenia non-sarcopenia

Blood lactic acid volume before HIIE (mmol/l) 1.40 + 0.20°¢  1.47 + 0.36>¢
Blood lactic acid volume for the 1st time of wingate test (mmol/l)  5.83 + 1.43  6.60 + 1.24
Blood lactic acid volume for the 2nd time of wingate test (mmol/l) 8.35 +1.22*¢  9.91 +1.14¢

Blood lactic acid volume for the 3rd time of wingate test (mmol/I)  9.63 + 1.49* 11.67 £ 1.05

“Significant difference compared with the non-sarcopenia group, p < 0.05; "Significant difference compared
with the first Wingate test, p < 0.05; “Significant difference compared with the second Wingate test, p <
0.05; CISigniﬁcant difference compared with the third Wingate test, p < 0.05.

Table 4. Blood glucose results before and after the three wingate tests in the patients in
the two groups (X =+ s).

sarcopenia non-sarcopenia
Blood glucose volume before HIIE (mmol/l) 8.23 +0.48" 8.57 +0.68"
Blood glucose volume after HIIE (mmol/l) 9.53 £ 0.81° 10.57 £ 0.54

*Significant difference compared with the non-sarcopenia group, p < 0.05;"Significant difference compared
with the after HIIE, p < 0.05.

b < (p=0.001;95% CI = 1.02 - 2.50)~ 1 B[ H & 9 & & < (p< 0.001; 95% CI =
3.59 - 6.55) WAL & 0 & B A3(p < 0.001595% CI = 8.95 - 11.45), 2 [M[H D
ABRMEE 1FH& 0 4 2835750 (p<0.001;95% CI = 2.16 - 4.47). 2 Bl H O AR
G WIIE & 0 & 25 (p < 0.001595% CI = 7.12 - 9.77) 1 [81 H O FLERE (&
WIHME & 0 & 5 (p<0.001; 95% CI = 3.79 - 6.47).

ERE R EBI O . oy 3 X = 7 OEEF,,, = 5.30; p=0.042 7 =
033)8 & I E— X > | DFIR(F,,, = 73.86; p< 0.001; 77 = 0.87)(Z MLKEAE 12 X
T2RABAITOMEL D o fov, ZHAEME RS %55 12(Fyy, = 332 p =
0.096; 77/ = 0.23). H )L I N = 7 HAERED MPEHE D ZAL A L 13(8.23 £ 0.48
mmol/l VS 9.53 + 0.81 mmol/l). (p=0.001;95% CI = —1.73 - —=0.87), JE+# )L 2
N = 7 HAERED MPEfE D AR A ZE L 12 (8.57 + 0.68 mmol/l VS 10.57 + 0.54
mmol/l). (p=0.001, 95%CI = -2.79 - —=1.21) (3 4).

L. mEERRRESOMIC . £— 4> N OBMEEF,, = 2355 p =
0.001; 772 = 0.68)(Z IL-6 fE(Z xf & 2 i BEEAIT DR D o fo S AL a X =7
DEE(F,,, = 0.67; p=0.430; 17 = 0.06) & & VL HAEH(F,,, = 1.37; p = 0.266;
T=01)%ERS Lol Bl1maslz e, v aX=7HIEHOD IL-6 {H
DA ZE L 12(30.98 + 7.68 pg/ml VS 34.68 + 9.33 pg/ml), (p=0.006, 95% CI =
—5.78 - =1.62). JEH L I XN = 7 HIEFE D IL-6 DA A2 L 11 (26.39 + 5.97
pg/ml VS 32.44 + 7.77 pg/ml), (p=0.012,95% CI =-10.26 - —1.85) (/] 1).

5. B

R EENEREZ RO U Tl o ¥ T AL F =R AL ¥ —%
RIa Vv F— RT3 cH 2. £/, T2V F—ORE. HE Iz
B OEOHHEAAH e A miEE 2 CEEA C LWCHEEL TWw3E, Liao
Ty 2 MPERIBEC 2> T HIRERHO NS > 2R AL F—0
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@ sarcopenia group

40.001 :
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Figure 1. IL-6 levels before and after HIIE.

PRAFCL D EHElS N B0 SRATIEA T, YL aX=7 1% % & IL-6 H
Rzl ERRESNA T B[22]. IL-6 EHKNOEAED SR %W
. BEAEOMRCEBZECES T 30T, HAEOWDICOAR > T D
[22]. 26, OB DMK TIC KD IZhhb > T 3(23] [24]. 2h
WCELTVIL6 A Y2 YHIEBEFREADZIEHD TE AL, v
NR=TWZbhhbo TwdERSN 2 TR T FRAEFRC IL-6
B REWCHWT 2D A OULELES IL-6 DIEAE T &Gk L 72 2 & & 1R
LTWwadERSNTWB[25] [26]s —7F T+ shigemoto & £[27]12 & 3 &
Pov aN= T IF R OMM A RS S BT ICH B ewES N
Twd, LEMN> Ty B0 T B OEEFE O /1 O WA & HE %
SN L. IL-6 DT %2 & VELTEHILS € LD T, IL-6 DRI %
ol RIS N 2. h s KIFFFEBRYIC Y IV I NX=T O ERe 2 B
JRIF LMD HIE O T 4L ¥ —REPRIC & SOAEANIER 7 1L-6 D Z8{k A 2 &Y
BERIEAE L a X =7 OO LtERE & 0 Rv & v IR EEEL 2.
AT Fovax=7FedEy v a X = 7 FEORHBPIRI I B 6 H2 1
ZERH O (MF IR I B 3). HIE &% - f2 2 BRI L 2~
=7 OEBEOLEREFEN L O EmSRFL XV ERS, HIEO E— 2 /87 —
RFEIRT =R aX =7 OEE 2 BPERR LML 0k s En EHE
Z HM 5. Wingatetest D £ — 27 /N7 =X P07 —iF £ £ ATP-CP &
AT LAREPERD T A0 F— ORI E M T 2 & L% o fo. HENRF
R ONAR & MERF T 2 -0 HRAENT 27 Va—20ENEZ 3
DT[28]s ¥ axX=7HEEFEELELNZ L HRER & D Z0EER 2 BRI
LHECBELTZVI—ABEVEZIRD AN, & DFHAMHO L vz &
h2&H%Z 60 %, Wingate test (IC D W TDRIEDHATIE . THOBKWE
&R AR IEOMHBIBEBREZ R L T3 e MESNL[29D T L axX=
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7k 2 BUBERRIE O =i O LR E OB L XNV DR F D% 2> Twd e
EFACY (-

BB IC TIL-6 B RUEIC T 4V F —SEORHER %2 & . KOTEEIE & K
MORESWCE>TEDb> T EHEHAMINIZ[11]. TNEDHRDIE & -
Ty ARG P IX=T HIL-6 DG E 5T IL-6 HIHEFHRFD T
AV F —FG AN ORI T 2 & I RGEL % 1T - 72 Meyer %4 £'[30]
&) &R IRL ORERH O BRFEHNIC DL TOHA T IL-6 5
TEHEB 2 2 EHERIL /2. Gokbel % EBIEHED R T2 G EL 12
Wingate 7 A M2 & o TIHED IL-6 #3482 3 £/RL fz. Z 112, Febbraio
BERS L 2APERFEEENREL o — AL Z2ED 25 37 A b
ZIHEL TIL-6 D¥EINAH S 272 EFERL 7o BRI 8T MNEH HIE
WASTHELIL-6 8 KOIZHINT 2&H 26035, 290D SHBANITH
Fe—FHL D, AR TE. Yvax=7FLIEr L axR=TEHOMA
L RVOESRRSNLZUNE L, IL-6 DERXZDOTIE. KFHOES #H
RO—2 EHHEN A, HIL a7 OWERABEE N>, D
E0. NIRRT IL-6 DRIERIGICHELABEGFREZF > Thanend
CETh D, RFRTE SV IX= 7RO EEHTC TL-6 DEHIEH
WaARZTEHEDEHOA, L aX=7HEHED IL-6 I DWW TDRITHIFRIZ
EZTABEENETO LR, T 2 BBERFESE H S5 IL-6 O 5 % i
CE&¥Lmes eI N, IL-6 BH L AXR=ZT I hhbo TWHWBETT
ol A rya) ke 2 EEL REAMMEEA T T H % . Febbraio
e E[2510 & B &2 BUBEIR N B FH OB FEFE T 2 IL-6 DL & &
N 2MHAA D 3 EME SN TV B, UnREL, yrrax=7HEEL 2
BIBEPRIR v a X =7 BHEORIESFPIL T2 ERE SN 205 & 72
Homba v, LizAo>Te L a~x=7 & IL-6 ® R 2 kR Bg
DR ETBAN A LDNDENEIDEF>ENIEBHIT. &
DIRLSTFREED T THIE L 5 %W,

KAFIE N OhDORAEZFTATH S, 5. 7 ILOEB I
Mlgn, Fly T AV FEEE RIFAMMBERE T8 & 0 2 SARBTICE O A
nNongmot. &5, EHE Y L IXR=ZTICKREOEESL RIFTOT,
WROEEDEDIEFHESSHLE L THIRCHMO AN LV EERLC
ETHD. b, IOhBEZTINI)AEODOTHIAEZEG T T &XZ
BN 2. BT 3o, AR TCE LV aAaR=THEEFLIR=TEOD IL-6
RIEJIGE KRE B EZNRHE TR WEEZ AN B,

6. fEah

1) v axX=71d 2 BUEIRIE O Eig O VB F O L XL ORI D
LTMH->TW3B,

2) 2 AR O O LHEBEZF L T v ax=7 eIy ax
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